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ABSTRACT

Using Jordan and Anderson’s earth model Bi, we calculated theoretical

travel times, depth allowance tables, branch interval t imes , and B factors for

all PKP phases; the results are in tabular form . Travel times are calculated

with polynomial approximations, and those coefficients are also computed .

New additions to those tables are the data for the CD branch, which are

the PKIKP arrivals in the distance range of 109° to 158°. Although travel

times of the CD branch fall within a few seconds of the travel times of the

DF branch, amplitudes of the CD branch signals are larger than those of the

DF branch signals in most of the covering range.

Discrepancies of theoretical travel times from the table based on Bolt’s

observations are calculated to show that tables presented here are adequate

for practical use.
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INTRODUCTION

This report presents a complete set of theoretical PKP data in conven-

ient tables, including tables of travel times of each branch at one degree

intervals and at nine different source depths. Also calculated are depth

allowance tables , branch interval times at various depths, and B factors for

various depths.

While such tables are essential tools for data analysts and for computer

programs analyzing PKP phases, only a few tables have been published . There-

fore, many workers have been forced to rely upon Jeff reys’ and Bullen ’s (J—B)

seismological tables (1958), which do not give PKP travel times in conven-

ien t one—degree intervals. Later , Travis (1965) published a complete set of

interpolated J—B tables for 40 different phases, both for practical use and to

avoid numerous repetitive interpolations. However, the PIG’ travel times in

the J—B tables are, according to workers, in error by approximately two

seconds. Recent PKP tables, such as Hai’s (1963) or Engdahl’s (1968), derived

from observa tional explosion data, are not listed at one degree intervals

and they are for only one depth. Bolt (1968) published another , more widely

used, table of PKP travel times at one degree intervals. This table is for

surface focus and incorporates a depth allowance table to compensate for the

source depth factor. However, more recent studies have indicated that the

GIL branch in the Bolt ’s table is suspicious (for example, see, Engdahl , 1968;
Cleary and Haddon , 1972).

Jeffreys, H. and Bullen , K. E., 1958, Seismological Tables: British
Association for the Advancement of Science Publication.

Travis, H. S., 1965, Interpolated Jeffreys and Bullen Seismological Tables,
Geo tech , TR—65—35, Garland , Texas.

Hai, N., 1963, Propagation des Ondes Longitudinales dans le Noyau Terrestre;
Ann. Geophys ., 19, 285—346.

Engdahl , E. R., 1968, Core Phases and the Earth ’s Core, Ph.D. Thesis, St.
Louis University.

Bolt, B. A., 1968, Estimation of PKP Travel Times; Bull. Seism. Soc. Am., 58,
1305—1324.

Cleary , J. R. and R. A. W. Haddon, 1972, Seismic wave scattering near the
core—mantle boundary: a new interpretation of precursors to PKP;
Nature, 240, 549—551.
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To fill this void a new set of PKP tables without these shortcomings

is needed. We have adopted Jordan and Anderson ’s Earth model Bl (1974) and

computed theoretical travel times and amplitudes. However, the accuracy of

these values depends upon i.e model, a subject beyond the scope of
this report. While some workers may argue that a better model exist’ , this

model remains a widely accepted ‘typical’ earth mo’lel (for example, Jacobs,
- 1975) and travel times of PnKP phases agree with our observations at the

Seismic Data Analysis Center (SDAC). A new contribution of this report is

the addition of the receding CD branch , or the PKiKP phase, in the range of

109° to 158°. Although many previous studies have neglected this phase ,
experience shows that the signal is nonetheless commonly observable in this

range. However, while this fact has been cited by Bolt (1968), Hai (1963),

and Engdahl (1968), none included this branch in their tables.

Jordan, T. H., and D. L. Anderson, 1974, Earth structure from free
oscillations and travel times; Geophys. J. R. Astr. Soc., 36, 411—459.

Jacobs, J. A., 1975, The Earth’s Core New York, Academic Press.
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COMPUTATION OF TRAVEL TIME S

We computed theoretical travel times with Engdahl ’s (1968) program ,

CORE , and with Jordan and Anderson ’s model Bl , (1974). CORE was modified

to compute the receding CD branch in the range of 109° to 158°. These

travel times are tabulated in Table I. In Table II, depth allowances , i.e. ,

- the travel, time differences of PIG’ s u r f a c e  events  and PKP depth events, are

tabulated . This table is useful in estimating event depth when a discrep-

ancy is found between the expected arrival time and the actual arrival time.

In Table III branch interval times , or the difference in travel times between

two PKP phases, are shown in various combinations and depths. This table

can be used to determine or to adjust the epicenter to station distance when

two PKP phases are identified in the record .

To evaluate the travel times, those computed with model Bi were compared

to Bolt ’s PKP travel times, which were based upon observed data. However ,

because Bolt ’s tables do not have a BC branch , we compared the G}I branch

of the Bolt ’s table with the BC branch of the model Bl; Figure 1 details the

result. When comparing Bi to other models , we have shown the travel time

difference of Bolt ’s travel times with the theoretical travel times computed

with Herrin ’s (1968) mantle and Qamar ’s core model KOR5 (1973). The dotted

lines in Figure 1 show this model’s travel time difference. In this

comparison , both models agree within one second with Bolt ’s travel times

for the AB and DF branches. Although the KORS times seem closer to Bolt ’s

values , there are several discrepancies : 1) Qamar-’s DF branch terminates at

1200 while Bolt ’s value extends to lO9~ and 2) the GH branch terminates at

1410 wh erea s Bol t ’s GH branch extends to 125°. In general , model Bi is
adequa te for modern use, because an error of one second is within the

bounds of observational uncertainties.

Herr~ n , E., 1968 , P—Wave Velocity Distribution in the Mantle; Bull. Seism.
Soc. Am ., 58, 1223—1225.

Qamar, A., 1973, Revised Velocities in the Earth’s Core; Bull. Seism. Soc.
Am., 63 , 1073—1106.
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TABLE II (Continued)

tEPTH 7.LLOWANCFS FOP PKP—CD BRA NCH
(JOPD~ N A ’!D AND !RSOW MODEL P1)

(TC ~F sT 1 9TpAc ’r ~~t) FROM 3 DFE TH ‘RAVEL TT P~F~ )

DELTA 100 200 300 400 500 600 700 ROD

1 0 3.16 25.23 36.98 148.45 58.99 69.07 78.65 97.51
111 13. 15 25.22 36.98 148.114 53.98 69.06 78.64 87.149
112 13. 16 26.23 36.98 113.1111 53.98 69.06 78.63 87.49
11 3 13. 15 25.23 16.98 48.44 513 97 69.04 78.62 87.48
11 11 13.15 25.22 16.97 118..113 58.97 69.014 78.62 87.47
iic 13.15 25.22 36.97 48.113 53.97 69.014 78.61 87.146
1 6 3.15 25.22 36.97 48.42 5~3.95 69.02 78.60 87.115
117 13.15 25.21 36.96 48.42 58.95 69.01 78.59 87.143
118 3.15 25.21 36.96 48.111 58.911 69.01 78.58 87.41
119 13. 15 25.21 36.96 48.41 58.94 69.01 78.58 87.142
120 1 3.15 25.21 36.95 143.11 1 53.93 69.00 78.56 87.41
121 3.114 26.21 36.95 48.140 58.93 68.99 78.56 87.140
122 3.15 25.21 36.95 ‘18.110 58.91 68.99 78.56 87.140
123 13. 15 25.21 36.95 48.40 58.92 68.98 78.55 87.38
124 13.15 25.21 16.96 118.19 53.92 68.98 78.514 87.38
125 13. 14 2 5 . 2 0  36.94 143.39 58.91 68.97 78.53 87.37
126 3.114 25.20 36.911 148.38 58.91 68.96 78.52 87.36
127 3. 14 25.20 36.94 48.18 58.90 68.96 78.52 87.35
128 13.111 25.20 36.91 48.38 58.90 68.95 78.51 87.314
129 13.14 25.20 36.94 148.38 58.90 68.95 78.51 87.34
1 30 3.111 25.20 16.93 118.38 58.90 68.95 18.51 81.33
131 3. 14 25.19 36.92 48.37 58.88 68.914 78.49 87.32
132 3.13 25.19 36.92 118.36 58.88 68.93 78.49 87.31
133 3.14 25.19 36.93 43.37 53.88 63 .93 78 .4 9  87.31
134 3.14 25.19 36.92 48.37 58.89 68.93 78.48 87.31
35 13.14 25. 19 36.92 118.36 58.87 68.92 78.147 87.30
36 3.14 25.19 36.92 48.36 59.81 68.92 78.147 87.30
37 13.14 25. 19 36.92 48.36 58.87 68.92 78.47 87.29
38 13.14 25.19 36.92 48.36 58.87 68.92 78.147 81.29
39 13.111 25.19 36.92 48.36 58.87 68.92 78.46 87.29
110 13.14 25.19 36.92 48.35 58.86 68.91 78.146 87.28
14 1 3.13 25.18 36.91 118.35 53.86 68.90 78.45 87.27

1112 3.13 25.18 16.91 148.35 58.86 68.90 78.45 87.27
111 3 1 3.13 25.18 36.91 48.35 58.86 69.90 78.45 87.27
1144 3.13 25.18 36.91 48.311 58.85 68.90 78.44 87.26
145 3.14 25.19 36.91 48.35 58.86 68.90 78.45 87.26
146 3.13 25.18 36.91 48.311 53.85 68.89 78.114 87.25
i’ll 3.13 25. 18 36.90 48.34 59.85 68.89 78.113 87.25
148 3.13 25.18 36.90 118.34 58.84 68.89 78.143 87.25
1149 3.13 25.18 36.91 48.34 59.85 68.89 78.143 87.25
150 13.13 25.18 36.90 148.34 53.811 68.89 78.113 87.24
151 13.13 25.18 36.91 49.34 58.35 68.89 78.143 87.25
152 3.14 25.18 36.91 48.1U 58.85 68.89 78.11) 87.25
153 3.13 25.17 36.90 48.33 58.84 68.88 78.42 87.24
1511 3.13 25.18 36.90 ‘48.33 58.811 68.88 78.112 87.24
155 3.13 25.17 36.90 48.33 58.84 68.88 13.142 87.24
156 3.1 14 25.18 36.91 49 •31$ 58.85 68.89 78.143 87.24
157 13. 14 25.18 36.91 ‘48.34 58.85 68.89 78.43 87.24
158 3.1.3 25.18 36.91 0.0 0.0 0.0 0.0 0.0

—18—

~- 
-‘i~5.7~ 

4- ~~~. 
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~
,
~~.—~~~-w-I.-—.-- - —  - -- -~~~ .- -~~~~~~ -



TABLE II (Continued)

D E P T H  A L I C W I N C F S  FOP P K P — D F  B P & N ~’H
(J0 PD ~~N 1~.Nfl 1 N D ~~PS ON MOPE!. 91)

(T O 8? SU P T R A C T!~D FRO M 0 D!t’TM TP&V~ L T I M!S)
D’~LTA 100 200 300 ‘400 600 600 700 900

110 11.15 75.21 16.98 ‘18.45 59•99 63.07 78.66 87.52
111 13.16 25. 23 36. qq ‘18.115 5~~. 99 69.07 78.66 #37~ ~2112 13.16 25.23 36.99 148.145 53~~99 69.07 78.66 97.~~2113 13.16 25.23 36.99 148.45 59.00 69.07 78.66 87.52
11 14 13.16 25.23 36.99 (4 43•145 59.00 69.09 78.66 87.~~2115 13.15 25.21 36.98 49.145 58.09 69.07 78.65 91.62
116 13.15  2 5 .7 1  36 .98 118.145 58. 99 69 .07 79 .66  87.52
117 13.16 25.23 36.99 ‘49.145 59.00 69.08 78.66 87 .52
11 8 13 .15  2r .2 1  36 •98 48.45 58.99 69.07 78.66 87.52
119 13.16 25.214 16.99 148 .4 6  59 .00  69 .08 78.67 97.53
120 13.16 25.23 36.99 ‘49 .146 59.90 69.08 78.67 87.51
121 13.16 25.23 36.99 ‘48.115 59.00 69.08 18.67 81 53
122 13.16 25 .23  16. 99 119.146 59 . 00 6q . o A  78 .67  97 C ’4
123 13. 16 25.214 37.00 49.146 59.01 69.09 79.69 87.614
12(4 13. 16 26.214 37.00 (48 ,146  59. 01 69 . 0 9  714 •5 9  87.55
125 13. 16 25.214 37.00 ‘48.146 59.01 69.09 78.69 9 7 • 5t
126 13.16 26.214 17.00 149.47 69.02 69.10 78.60 87.56
127 13. 16 25.24 37.00 49.47 59.01 69.10 78.69 97~~6 ø~128 13.16 25 .214 17.00 ‘48 .117 59. 0 2  69 .11  79 . 70 87 .57
129 13 .16  25 .2 14  37 .00  t49~~t47 59.02 69.11 79.71) 97_ 57
130 13.16 2 5 .2 1 4  37 .00 148.148 59.02 69.11 1b-4.71 81.58
13 1 13.16 25.214 37.00 48.147 59.33 69.12 78.71 87.68
132 13. 16 25.25 37.01 ‘48.48 59.01 69.12 78.72 87.60
133 13. 16 25 .25 37.01 48 .48  50 .0 14 69 .1 3 19 .71 87.61
134 13.16 25 .25 17.01 148.149 59.014 69.14 78.74 k7.~~1135 13 .17  2~~.25  3 7 . 0 2  ‘19.50 59 .35  6 9 . 1 5  79 .75 87 .63
116 11 .16 25.25 17.02 119.149 59.05 63.lc 78.75 97.6 )
137 13.17 25.26 37.02 118.50 59.06 69.16 78.76 07.6~138 13. 17 25 .26  37 .03 148 .51 59 .07 69 . 17 78 . 78 87.67
139 13. 17 2~~. 26  17.03 1 4 8. 5 1  59 .07  69 . 18  78 .79 97. 69
1140 13 .18  25 .27  37.04 118.5 3 59 .00  69 . 2 0  78 .81 97 .70
1 14 1  13 .18  26 .27  37 .3 5  ‘4 8.53 59 . 10  6 9 . 2 1  19.82 87. 72
1 142 1 3 . 17  25 .27 37.06 49.514 59.10 69.21 “9.93 87~ 73
143 13. 18 26.27 37.05 ‘49.514 59.12 69.23 18.85 87.75
144 1 3 .19  25 .28 37 .06 4 9 .66 59 .11 6 9 .2 1 4  78 .87  87.77
iq ~ 13. 19 25. 29 37 .07  4 9 . 5 7  59. 144 6 9 . 2 6  78 , 89 87.80
114 6 13.18 25.28 37.07 148.57 59.114 69.27 79.99 87.P1
147 13.19 25.29 37.08 48.58 69.17 69.29 78.93 87.814
148 13 .19  26 .30 17.09 118.59 59 .18 69 .11 78 _ 914 R 7 .~~6
14~ 13.19 25.30 37.09 ‘49.60 59.19 69.12 78.96 87.98
160 13.29 25.31 37.11 48.62 50.21 69.34 78.44 R7.92
151 11.14 25.31 37.12 118.63 59.23 69.17 70.02 97.96
152 13 . 20  25 .32 17 .1)  ‘4 9 . 6 5  59 . 2 5  69.LI0 7Q 95 99 .00
153 13.20 25.33 17.111 ‘48.66 59.27 69.42 79.08 99.03
15l4 13 .20  ?~~.31  37 .14  49 .67 59 .28  69 .4 11 79 .1 1 89 .06
155 13 . 2 1  25 .3 14 37.16 1 48 . 6 9  59 . 3 1 69 .141 79 .111 88.1 0
156 13.21 25.15 17.17 148.71 59.33 69.50 79.18 89.14
157 13 .22  25. 36 37.19 118.73  59. 35 69 .52  79 .21  99 .19
159 1 3 . 2 2  2 5 . 3 7  17 .2 0  ‘48.714 59.17 69.55 79.211 89 .7 2
159 13.22 25.37 37.20 143.76 59.39 69.57 79.27 88.26
160 11.22 25.39 17.22 148.77 59.111 69.60 79.31 89.30
161 1 3 . 2)  25 .3 9  37 .23  4 9 . 7 9  59 .44  6 9 . 6 3  79 34 89.35
162 1 3 . 2 3  25 .30  37 .24  ‘48 . 80 59. 145 69 .65 79 37 89 .38
163 13.23 25.140 37.26 118.81 59.47 69.67 79.39 88.41

- 164 11 .24  25. 141 37 .27 148.914 59 .50 69. 70 79 . 14 3 98. 45
165 13. 25 25.142 37.27 48.95 59.51 69.73 79. 46  88. 148

— 166 1 3 . 2 4  25. 112 37 .29  I48.86 59 .53 69. 714 79 . 4 8  88 . c~167 13.2 11  25. 42  37 .2~ ‘18.87 59.511 69.76 79 .60 R R .~~ 14
168 13.26 26.143 37.30 148.98 59.56 64.79 79.53 89.57
169 11.26 25.1414 37.31 48.90 59 _ 58 69.8 1 79 .66 99 .6 0
170 11.2 6 25.45 37.32 48.91 59.60 69.83 79.68 88.63
171 13.26 25. 411 37 .32  (43 • 9 1 59.60 69. 814 79 .59 88.614
172 1 3 . 2 6  25 .145 17 .31 148. 92 59 .61 69 .85 79 .6 1 88 .66
173 13.26 25. 146 37.3 11 118.93 59 . 6 3  69 .87 79 .63 88.68
17~4 13 .27  25.146 17.34 49.914 59.64 69.98 79 .6 14 9 9. 70
175 13. 26 25.46 37.34 148.94 59.614 69.89 79.65 89.71
176 11.26 25 . 146 37.35 48 . 9 5 59 .611 69 .89 79 .6 6 99 .72
177 1 3 . 2 7  2 5 . 4 7  37.36 48. 96 59 .66 69.91 79 .67  89.7 14
178 13.26 25.46 37.35 48.95 59.65 69.90 79.61 88.711
17~ 13.27 25.47 37.36 ‘43.96 59.66 69.91 79.68 9R ~~75
180 13.26 25.’46 37.16 118.96 59 .66 69. 9 1 79 .68 9 8. 711
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TABLE III

T~~A V V L  T !ME DIFF?~~!NCFS OF PKP BRANCH
(3O?1)~~N AND A~~ EPS0N M Ot ~~L 81)

D F P T H  = 0 KM

D E L T A A B - C O  R B - B C  A R — D F  C f l — 9 C  CD-!) ? B C — D F

110 0.0
111 0.0
112 0.02
113 0.04
1 14 0.07
11 5 0 . 1 2
1 6 0 . 1 6
1 7 0 .21
119 0.28
119 0 . 3 5
120 0. 143
121 0.52
122 0 . 6 2
123 0.72
124 0.9 14
125 0.96
126 1 .09
12 7 1.2 14
128 1.19
129 1.56
130 1. 73
131 1.91
132 2.10
133 2. 31
11l4 2.53
135 2.75
136 3.00
137 3.25
139 3.52
139 3.91
140 4. 10
111 1 4.41
1142 14 • 75
1143 5.10
144 5.46
114 5 — 6 . 5 9  0 .01  — 0 . 7 4  6 .6 0  5.85 — 0 . 75
1(46 — ‘4 .98 0 .46  1.29 5.44 6.26 0.92
147 —3.2 11 1.34 3.44 4.59 6.69 2.10
148 —1.40 2.41 5.71 3.91 7.13 3.32
149 0.51 3.66 9.13 3.15 7.62 14 _ 4 7
150 2 . 149 5.01 10.60 2.52 9.11 5.59
151 4 .50  6 .4 7 13.15 1.97 8.65  6 .69
152 6.55 8.04 15.77 1.149 9.22 7.73
153 9.65 9.72 18.47 1.07 9.92 8.75
154 10.78 11.50 21.25 0.72 10.47 9.75
155 12.93 13.38 24.08 0.45 11.15 10.70
156 15.10 15.35 26.98 0.25 11.88 11.63
157 17.31 17.41 29.95 0.10 12.64 12.54
158 19.53 19.55 32.99 0.02 13.~45 11.43
159 36.09
160 39 .25
161 42.49
162 145•79
163 49.15
1614 52.56
165 56.04
166 59.59
167 63.19
168 66.85
169 70.57
170 74 .35
171 78.21
172 82.13
173 86.11
1711 90.15
175 94.27
176 98. 145
177 102.69
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TABLE I II (Continued)

T R A V ~~L T I M ~ D T F ~~~R~~NC FS OF P K P  B”~~4C I1
(J 0 P P~~4 ~N D A?~D !FS0N MOD! L 81)

= 100 ~~
A8—~~D 19—BC Ab—D F CD—B C CD_ Dr nc—p r

110 — 0 . 9 1
• 111 0 .0 1

112 0 . 0 2
113 9.35
114 ‘1.09
115 0 . 12
116 0 . 16
1 17 0 . 22
119 3. 2 3
119 0. 36
120 0.44
121 0.514
122  0.63
123 0. 73
124 0.06
125 0.99
126 1. 11
127 1 . 2 6
12 9 1. 14 1
129 1.58
110 1.~~S
131
1 32 2.1)
113 2 . 3 3
13 14 2. 55
135 2. 78
116 3 . 12
137 3 . 2 8
119 1.56
139 3. 911
1(4 0 4 . 1 4
i’l l 14 .146
114 2 ‘4 .79
143 5.15
14L 4 5. 51
145 —6 .30 0.03 —0.40 6.33 5.90 —0.4.1
1(46 — 4 . 6 7  0. 6 1 1.64 6.1’) 6 . 3 1  1 .01
114 7 — 2 . 9 0  1.55 3.94 14 ,4 5  6. 7 (4 2.29
1 148 — 1.03 2.68 6.16 3.71 7.19
149 0.99 3.94 8.56 3.05 7.67 ‘4 .62
150 2 . 9 9  5.31 11.06 2 .~4 1 8.19  5.75
151 4.90 6.90 13.61 1. 9 0 8 .71 6 .81
157 6 .914 8 .40 16.26 1. 14 2 9 .79 7 .96
153 9 .08  10.09 18.97 1.01 9 .89  9 .98
1~~’1 11.21 11 .89 21. 75 (1.68 10 .54  9 . 8 6
155 13 .37  13.78 24 . 6 0  0. 4 1  1 1 . 2 3  10. 82
156 16 .56 16 .79 27 .51 0 . 2 2  11. 9 5 11 .71
157 17.77 17.95 30.49 0.08 12. 72 12.64• 158 19 .99 20.00 33.51 0 .01  13 .64  13 .51
159 36 . 6 (4
160 39. 92
16 1 113.07
162 (4 6.37
163 4 9 .74
16(4 53.16
165 56.66
166 60 . 19
167 63. 79
169 67 .46
169 71.19
174) 74 .99
171 78 .94
177 92 .76
173 96.74
111$ 90.79
175 9 (4 .90
176
177 103. 31e
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TABLE III (Continued)

T R A V ’ ~L T I M ?  DIPFFPFNCES 0~ PKP 8~ ANCH
(JOPDPN RND M~P-ERsCN MODEL 81)

DFPTH 200 KM

DFL~~ AB— t D  kB—R C A B—DF CP—RC CO— OF

110 (hO
11 1 0.01
112 0.02
113 0.914
11 14 0 . 3 9
115 0.13
116 (1.17
117 0.23
1 19 0.30
119 0.33
120 (1.45
121 0.54
122 0.6(4
123 0.15
124 9_ 97
125 1.00
12 6 1 .13
127 1.28
12 9 1.43
129 1.60
130 1.77
131 1.96
132 2. 16
133 2.37
1314 2.59
135 2.81
116 3.06
37 3.32
39 3.59
39 3.98
‘40 . ‘4.1 8
(41 14.50
112 11.811
‘43 5.19
414 5.56
45 —5.98 0.13 —0.03 6.11 5. 95 — 0 . 1 6
146 —4.30 0.84 2.06 5.14 6.36 1.22
47 —2.50 1.81 ‘4.29 4.31 6.79 2.149
449 — 0 . 6 1  2.98 6 .64  3 .59 7 . 2 5  3.66
(49 1.33 (4.27 9.07 2.94 7.7(4 4.80
50 3.33 5.66 11.57 2.33 9.214 5.91
51 5.37 7.18 14.15 1.81 8.19 6.97
52 7.44 8.79 16.80 1.35 9.36 9.01
53 9.55 10.51 19.53 0.96 9.98 9.02
511 11. 71 12 .34  2 2 . 3 3  0 .63  1 0 .62  9 .99

155 13.87 14.25 25.19 0.38 11.32 10.94
56 16.06 16.26 28.11 0.20 12.05 11.95
57 18.29 19.35 31.10 0.07 12.92 12.75
58 20 .52  20.63 3L4.1 6  0 . 0 1  13.64 13.63

159 - 37.27
160 40.46
161 43.71
62 (47.02
63 50.40
64 53.82
65 57.32
66 60.97

167 6 14.47
69 68.14
69 71.88
70 75.67
71 79.53
72 83.146
73 97.45
74 91.50
75 95.62
76 99.80
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TABLE III  (Continued)

T 8k V~ L T I M E  D I F F ! RE N C E S  OF P K P B R A N C H
( J O R D A N  A N D  ~N D E P S O N  M O D E L  ~~1)

D E P T H  = 300 KM

D E L T A  A B — O D  A B — U C  A B — D F  C D — B C  C D — D F  P C — D F
11( 1 0 .0
111 0.01
112 0.03
11 3 (1.05
114 0.09
115 0.13
116 0.17
117 (1.214
118 0.30
119 0.39
120 0.447
121 0.56
122 0.66
123
124 0.89
125 1.02
126 1.15
127 1. 30
129 1.1*6
12~ 1. 62
130 1.80
131 1.99
1)2 2.19
133 2.39
13(4 2 . 6 2
115 2. 85
136 3 . 10
117 1.3~138 3.63
119 3.92
140 4.22
1141 ‘4.55
1~42
143 5.214
344 5.61
114 5 —5.63 0.27 0.38 5.90 6.01 0.11
114 6 — 3 . 9 0  1.07 2.52 (4 97 6.442 1.45
1(4 7 — 2 . 0 8  2.09 (4.78 4 .17  6 . 8 6  2 .69
1 49 —0 .17 3.31 7.15 3.L48 7.32 3.84
1149 1.80 l4 .62 9.60 2 .82  7 . 90  4 .98
150 3.80 6.0(4 12.12 2.2~4 8.32 6.08
151 5.96 7.59 14.72 1.72 8.36 7.14
152 7.95 9.22 17.39 1.27 9.414 8.37
153 10.07 10.97 20.13 0.90 10.06 9.16
1511 12.22 12.81 22.93 0.59 10.71 10.12
155 14.140 1(4.7(4 25.81 0.1’4 11.41 11.07
156 16.61 16.78 28.75 0.17 12.1 11 11.97
157 18.83 18.88 31.75 0.05 12.92 12.87
1 59 21.07 21.07 314.91 0.~) 13.74 13.74
159 37.93
160 (41 .14
161 44.40
162 47.72
163 51.10
164 511.511
165 59.02
166 61.58
167 65.20
169 68.97
16Q 72.61
170 76.41
171 80.27
172 84.20
173 88.20
1714 92.25
175 96.37
176 100.57
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TABLE III  (Continued)

~r ’V 4L ~‘IME FF~ ?ENC FS 0? PK’~ O R I N C I I
(J O R D A N  P H D  P N D ? P S O N  M ODE L 81)

P~ PT H = 400 K M

A~~— C f l  A P—P C ~ R— t’F CD—B C C D — O F  I C — OF
110 0.3
11 1 0.01
112  0 . 0 3
11 3 0.05
11 (4 0.00
115 3.14
116 0.19
117 0.24
118 0. 32
119
120 (1.40
121 0.57
1? ? 0 .6 9
123 0.78
1211 0•~~1
125 1.03
126 1. 18
127 1.33
129 1.148
12 (1 1.65
130 1.91
13 1 2.01
11? 2.22
133 2.142
1114 2 . 65
135 2.09
136 1 .13
137 ~~. 39
119 1.67
139 3 .9 6
114’) ‘4.29
114 1 1 4•5 9
114 ? (4.14
1(4 1 5 .29
1414 — 6 .Rc 0.01 —1.17 6.86 5 .68  — 1 . 1 8
1(45 —5 .23 0.(46 0.84 5 .6 0  6 .07  0 . 3 8
11* 6 — 3.11 7 1.3t4 3.02 4.431 6.149 1.68
1(4 7 — 1. 62  2. 14 0 5 .30 ‘4 . 0 2  6 . 9 2  2. 90
1 148 0.31 3.65 7.69 3_ 1L* 7.39 (4.94
11* 9 2.29 5.00 10.17 2.71 7.843 5.17
50 (4 .12 6.45 12.71 2.13 ‘3.19 6.26
51 6.39 9.03 15.33 1.64 9•~~I4 ~ .30

152 9.69 18.02 1.20 9.53 9.33
53 10.62 11.146 20.77 0.814 10. 5 9.31

1514 12.78 13.32 73~ 59 0.5(4 10.91 1(1.27
155 14.97 - 15.29 26.48 0.31 11.51 11.20

56 17.18 17.33 29.41 0.15 12.25 12.10
57 19.41 19.45 32.’44 0.014 13.03 12.99
SR 1(h ’4 1 35.51 11.03
Sn 39.66
60 (.1.85 -
61 45.13
62 48.145
63 51.811
614 65.29
65 59. 79
166 62.35
67 65.97
168 69.6(4
69 73.39
70 77.1~ 

-

71 81.06
7 . 9(4.99
73 88.98
7(4
175 97. 17
76 101 .37
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TABLE III (Continued)

- T ? A V E L  TIM? DIF !F~ EN CE~ OF PKP 88AN044
( J O F D P N  A N D  )?- D r P S ON  MODEL 8 1)

D! PT H = 500 pp ~
r-~~L Tp A n — C D  P B — B C  AR —D ? CD— PC CD—OF BC—DF

110 0.0
111 0.01
112 0.01
113 0.07
11(4 0 .10
11 6 0.114
116 0.20
117 0.26
119 0.33
119 0. 141
120 0.50
121 0.59
122 0.69
123 0.91
12( 4 0.93
125 1.06
126 1.20
127 1.35
1243 1.51
129 1.68
130 1.95
131 2.06
1 32 2.25
133 2.47
1311 2.69
135 2.93
13 6 3.143
137 3~~L414138 3.72
119 (4.01
iL l ’) 4 , 3 3
147 14.65
1142 14.99
1(43 5.36
144 —6.145 0.07 —0.71 6.52 5_ 7 1 4  —0.78
114 5 — (4.76 0.71 1.37 5•147 6.13 0.66
146 —2.97 1.65 3.58 4.62 6 .55 1.93
147 —1.08 2.79 5.92 3.87 7.00 3.13
11143 0.96 4.06 43.33 3.20 7.47 4.27
1(49 7.96 5~ (4(4 10.82 2.59 7.96 5.38
150 14.91 6.94 13.39 2.03 8.48 6. (45
ici 6.99 8.53 16.02 1.54 9.03 7.149
152 9.11 10.23 18.73 1.12 9.62 9.50
1 51 - 11.25 12.02 21.50 0.77 10.25 9.148
154 13.142 13.91 2(4.33 0.49 10.91 10.42
155 15.62 15.89 27.2(4 0.27 11.62 11.35
156 17.84 17.96 30.20 0.12 12.36 12.24
157 20.08 20.10 33.22 0.02 13 .114 13.12
1543 20.08 36.31 13.14
159 39.45
160 142.67
161
162 49.29
163 52.69
1611 56.14
165 59.64
166 63.22
167 66.94
lf8 70.52
169 74.27
170 78.09
171 431.95
172 435.89
173 89.90
1•1 4
175 98.09
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TABLE III (Continued)

TRAVE L TIME DIFF~ PENC!S OF PrP BRANCH
(JORDAN AND ANDER SON MODEL 31)

DEPT9 = 600 KM

DELTA AR—CD AR— PC AB—DF CD—PC CD-OF BC— DF

110 0.0
111 0.01

— 112 0.03
113 0.07
1114 0.11
115 0.15
11 6 0.21
117 0.28
1143 0.34
119 0.42
120 0.51
121 0.61
122 0.71
123 0.93
12~4 0 .95
125 1.08
126 1.23
127 1.39
1243 1.55
12(1 1.72
1 30 1.89
13 1 2.09
132 2.29
133 2.51
1314 2.714
135 2.98
136 3.23
137 3.49
1343 3.77
p 3(3 14.07
1(4 0 4.39
1(4 1 4.72
142 5.06
143 5~ 143
14 14 — 5 . 9 8  0 .23  —0.18 6.21 5.80 -0.41
145 —4 .25 1.01 1.96 5.26 6.21 0.95
146 —2.42 2.01 (4.22 4.43 6.64 2.21
147 —0.50 3.21 6.58 3.71 7.08 3.37
1443 1.48 4.33 9.03 3.05 7.55 4 . 5 0
149 3.49 5.94 11.514 2.43 9.05 5.60
130 5.56 7.47 14.12 1.91 8.56 6.65
151 7.65 9.09 16.78 1.44 9.1 3 7.69
152 9.78 10.82 19.51 1.04 9.73 8.69
15 3 11.94 12.65 22.30 0.71 10.36 4.65
1514 14.12 14.56 25.15 0.144 11.03 10.59
155 16.32 16.56 28.06 0.2(4 11. 7(4 11.50
156 18.55 18.65 31.04 0.10 12.149 12.39
157 20.80 20.431 3 14 _ Ø 7  0.01 13.27 13.26
15 43 20.80 37.18 13.27
159 14 Ø _ 3 3
160 43.57
161 (46.86
162 50.20
161 53.60
164 57.06
165 60.543
166 64. 15
161 67.78
168 71.48
169 75.23
170 79.05
171 82.93 -
172 96.86
173 90.88
174 94.94
175 99.043
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TABLE III (Co ntinued)

TRA V~ t ‘r IM ’ DIFFT.P~~NC?S OP P K P B R A N C H
(JOR DAN PHD PPI PSON 1OD~ L 81)

DFP T FI  700 KM
rF.L’rA AR—CD A R— PC A T3—DF CD—PC CD-OP R:-flF

10 0.91
11 0.02
12 0 .05
13 0 .0 8
~L4 0.11
15 0.16
16 0.22
17 0.29
18 0.36
19 0.44
20 0.514
21 0.63
22 0.13
21 0.35
2 14 0 .9 9
25 .11
26 .76
27 .L41
29 .543
29 .75
30 .93
31 2.11
32 2.33
33 2.55
141 2.79
35 3.03
3. 3.28
37 3.5(4
38 3.433
19

1l4 0 4,45
‘41 (4.78
(42 5.13
‘43 —7 .99 0.01 — 1.69 7.10 5.50 —1. 60
44 —5.43 0.48 0.L44 5.93 5.89 —0.04
45 — 3 . 6 6  1.37 2.63 5.03 6.29 1.26
146 —1.78 2.45 4.93 ‘4.23 6.71 2.48
47 0.1~ 3.69 7.33 3 , 5 14  7.19 3.614
(48 2.15 5.04 9.79 2.89 1.64 4.76
(49 4.19 6.50 12.31* 2.31 8.15 5.94
50 6.27 8.06 14.94 1.79 8.57 6.88
51 8.38 9.72 17.62 1.34 9.24 7.90
52 10.52 11.443 20.36 0.96 9.94 9.99
53 12.69 13.33 23.17 0.6 14 10.148 9.814
54 114.89 15.28 26.05 0.39 11.16 10.77
35 17.11 17.31 28.98 0.29 11.437 11.67
166 19.35 19.43 31.98 0.08 12.63 12.35
57 21.60 21.61 35.02 0.01 13.l42 13. 141

1543 21.60 38.13 13.42
15(3 41.31
160 4(4.56
161 47.85
162 - 51.21
163 34.61
164 58.08
165 61.61
166 - 65. 19
16~ 69.431
168 72.52
16(1 76.29
170 430.11
171 83.99
172 87.94
173 91.93
174$ 96.02
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TAB LE III (Continued)

TRAV EL TIME DIFFER!NCES OF PKP BRANCH
( J O R D A N  AND ANDERSON MODEL 31)

DEPTH 800 K M

DELTA AB— CD AR-BC AB—DF CD—BC CD—OF BC—OF
L.

110 0.01
111 0.03
112 0.05
113 0.08
114 0.12
115 0.18
116 0.23
117 0.30
11 43 0.37
119 0.46
120 0.35
121 0.65
122 0.76
123 0.88
124 1.01
125 1.14
126 1.29
127 1.45
128 1.62
129 1.79
1 30 1.98
131 2.17
132 2.39
133 2.61
134 2.83
135 3.08
13 6 3.33
137 3.61
138 3.90
139 4.21
114 0 ‘4 .32
1141 4.86
142 5.21
143 —6.53 0.14 —0.95 6.67 5.58 —1.09
144 —14 .91 0.83 1.16 5.64 5.97 0.33
145 —2.98 1.81 3.41 (4.79 6.39 1.60
146 —1.07 2.95 5.75 4.02 6.82 2.80
147 0.91 4.26 8.18 3.35 7.27 3.92
11* 8 2.93 5.64 10.67 2.71 7.714 5.03
1149 4 . 99  7.14 13.24 2.15 8.25 6.10
150 7.09 8.74 15.87 1.66 8.79 7.13
151 9.22 10.44 18.58 1.22 9.36 8.1(4
152 11.38 12.2l4 21.35 0.86 9.97 9.11
153 13.56 14.12 24.17 0.36 10.61 10.06
13(4 15.71 16.10 27.06 0.33 11.29 10.96
153 19.00 19.16 30.01 0.16 12.01 11.85
156 20.2(4 20.30 33.02 0.06 12.78 12.72
157 22.51 22.52 36.10 0.01 13.59 13.543
1543 22.51 39.21 13.59
159 - 42.41
160 45.66
161 48.98
162 52.35 -

163 55.77
164 59.2~$165 62.77
166 66.36
167 70.01
1643 73.71
169 77.48
1’O 81.31
171 85.19
172 439.14
173 93.16
174 97.24
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— . Com parissa of PKP travel time — Model Ri
Herrin &
k0R5

D 
________ ______ ________ -_____ ________ ________

F

0

~ — 2.0
— /

/
/

—3.0 
________ 

OH-SC 
_________ ________

nO 120 130 140 ISO 170
- 

- DISTANCI (010011$)

Figure 1. Comparison of theoretical PKP travel times with
Bolt ’s PKP table.
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POLYNOM IAL APPROXIMATION OF PKP TRAVEL TIMES

Teledyne Geotech (1968) developed a scheme to fit phase travel times with

a polynomial approximation formula. The approximation equation was

of the form:
2 2 3 2 2T - A

1 
+ A2~ + A3h + A4~ + A5~ h + A

6h + A
7A + A8~ h + A9~ h

where A
i 
(i 1,9) = coefficients

= distance in degrees
h = depth in kilometers.

In general, the equation works well without A
8 
and A

9
. For this report, this

method was adopted and used to compute 7 coefficients for all P1~P branches.

Values of these coefficients are tabulated in Table IV. This equation is con-

venient for computer application because it does not require long tables in

the memory. The error of approximation is shown in Figures 2 through 5.

Travel time errors compared against the Bolt’s PKP table are calculated and

plotted in Figure 6. When compared with Figure 1, polynomial approximations

are worse than tables at the end of branches, but better in the middle range,

a result demonstrating that a polynomial approximation is comparable to

theoretical tables in application.

Ceotech , 1968, Equations for computing phase travel—times, Appendix 3 to
Technical Report No. 68—28, Garland, Texas.
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1.0 — . —

TRAVEL TIME ERROR0.0 
AB BRANCH

i i  1 1 1  I06~- I 1 1  4 4 4  4 4
I 1 4 4  4 4
I 1 7 7 7 7 4  4
I 1 4 7 7 6 5 6  7 1
I 4 0 3 7 6 0  6 4

04 ) 6 7- I I 4 0 0 6 7  0 6 7
I 4 ‘3 6 7  I 2 .’~~~~l B 3 8
I I 4 -) 6 7 2 /  ‘ . 3 0 8 ) ’  8 I

4 s i �  8 ‘ . ‘  4 ’ ?
I I 7 2 3 3  8 3 . )  I

0 2 ’  ‘. . ) 7 2 3  1 ‘ 4a— 1 4  J 7 7 ~~~~3 ‘3 5 7  I

— 7 ’ , 7  7 3 4 4
C ! 1 4  7 4 ~~~~. ) 3  3 6 4

I 7~~ .‘ I S
I . 1 6  2 3  # 3  .~ 17 1

~ 00 ’
— I 4 6 3 .  3 4 7  I

I 7 2 - 4  5 6
o 6 7 3 I

I 1 - . 4 4 2  I I
I S I

~ —0.2 ’ ~~~~~~~ .‘ 3
I 6 3 5 4  I
I # 4  I
I .- -~ I I

- 
-

—1.i I . . .4

130.0 135.0 140.0 - 145.0 150.0 155.0 100.0 165.0 170.0 175.0 180.0
DISTANCE (DE GREE)

Figure 2. Travel time errors of PKP—A13 branch computed sjith polynomial
approximation. Numbers indicate depth of epicenter in
hundreds of kilometers.
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1.0: — . — :

0.Rj TRAVEL TIME ERROR
BC BRANCH

0-Si

I “ I
I 4 1 1 4 I

4 I 7 1 1 I
0.4’ 1 6 5 7 4

7 5 6 5 7 I
I 4 B 7 6. 4 I
I 6 8 4 6 I
I 7 7 I
I 4. 4 3 3 ‘3 6 4 I

0 2 -  “ 3 0 3 *a- I 7 0 2 3 7 I

— I 8 7 0 3 4. I
I 1 3 . 2 4 IO I 4 3 3 4 I
I 1 ‘3 C~ 7 4 I

~~~ n f l. 4 1
- - 

- 
I— I --  & 3 ‘3 I

I Io i 4)
I I

~~~ :::~~

I ‘ I
I I

I I

—1.0 ; ._ __  4 * — - 4 4 

140.0 142.0 144.0 146.0 146.0 150.0 152.0 154.0 156.0 156.0 160.0
DISTANCE (DEGREE)

Figure 3. Travel time errors of PKP—BC branch computed with polynomial
approximation. Numbers indicate depth of epicenter in
hundreds of kilometers.
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TRAVE L TIME ERROR
0.4 ; CD BRANCH

II 4 4 4 4 4 4  I
I 4 1 4 4 1 1  1 1 1 4 4
1 7 1  4 4 4  4 1 4
I ‘ 44 1 4  I

0 3* 1  4 4  7 7  1 4
It. 1 4  4 7 7 7  4 7 7 7  4 4  I
I 7 4 4  4 4  7 7  5 , 6  7 1 4  I
l b  7 1 4 4  4 4  7 7 1  5 5 5 6 6 ’ . 6 6 $  1 1 I
44 7 1 4  1 4 1  7 5 5  5 5  6 6 ’  7 4 I
I 6 4 4 4 4 4 4 4 4 4  7 7  5 5 6 6 6  4 . ’ .  4 1 4  I

0 2 ’  7 1  1 7 1  5 6 6  6 5  3
4 4  6 7 7 7  ‘ ‘ 3 s  6 5  7 1 4  I
I 7 ‘ . 5  7 1  7 5 6 4 4 .  8 4 4 4 8 4 4  6 ’ .  I
I 3 4 7 7 7 7 7 7 7 7 1  5 5 6 6  - 1 8 4  4 4  1 4  I
I 6 5  5 5 6 6  8 4  ‘I 3 4 1  4
II 4 4 . 6  ‘ . 5 1 5  6 8 8  2 2 4 2 2  8’ 5 I

01 P 2 2 3 5 6 6 2 6 6  . 2 5 3 3 )  3 3 3 1  6
O 4 3  8 6 ‘ 2 3 3 3  5 1 2  3 3  4 5 I

I ‘.7 4 4 .  2 3 3  ~~1 J 3  0 3 ~~~ 2 I
O I 3 1 3  ‘ 3 3  ‘ . 4  2 0  0 ?  3 4 I

I -,  c ’ 3 F  - . 1 P # o  3 4 ~~~~O ’ J  3 / 2  ‘ 1
I 3 4  7 .. 3 I

U, 00 0 *
— I ‘ ,~~~~~ 3 ’ . ’~ I I

I 4 - i 2 7 ~~~~~~_ I ’ ~~~~3 3 C 3  C 2  I
C I I 7 ’ i  3 0 0  3

I 1 ) 0 0 0 3  I
I 3 I

___ — U I  ‘ ‘3 *
7 I

I C I

—0.4 ;

—5.5 * — ._— — — — — — —,——— — 4 

100.0 115.0 120.0 125.0 130.0 135.0 140.0 145.0 150.0 155.0 160.0
DISTANCE (DEGREE)

Figure 4. Travel time errors of PKP—CD branch computed with polynomial
approx ima t ion .  Numbers  i nd i ca t e  depth of epicenter in
hundreds of kilometers.
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o.s ! TRAVEL TIME ERROR
OF BRANC H
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Figure 5. Travel time errors of PKP—DF branch computed with polynomial
approximation. Numbers indicate depth of epicenter in
hundreds of kilometers.
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3.0
Comparison of PKP travel times computed with polynomial
approximation aBainat Bolt ’s PKP table.
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Figure 6. Comparison of PKP travel times computed with polynomial
approxima tion agains t Bol t’s PKP table.
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B FACTORS FOR PKP

Perhaps because of th~ conf usion in mixed branch arrivals , PKP amplitude—

distance relationships are not well defined . Sliurbet (1967) made a compre-

hensive study of PKP amplitudes for the range of 1100_1800. For each event,

he used the amplitude of the event at a station near 1250 to normalize all.

observations. He encountered difficulty with multip le arrivals in the caustic

L zones ; so, in general , his res ults give only the largest amplitude observed

at  a g iven d i s t a n c e .  Eng dahl ( 1968) repor ted  some 70 PKP amp l i tudes  wi th  a

comparable  number  of PKKP and r&-lated amp litudes from two earthquakes.

Sweetser and Blandford (1973) def ined  the PKP amplitude distance rela-

tionship by using log (A/T) of events reported by ISC bulletins, the VELA obser-

vatories , and LRSM station bulletins. Only shallow events wer e used in this
s tud y.  Although this work is perhaps the most comprehensive study of PKP

amplitudes to date, even this table is available only as a single value at

each g iven d i s t a n c e  in the  caus t i c  zone , and app lies only to shallow events.

Comput ing theoretical PKP amplitudes depends not only upon the ear th’s

velocity model but also upon the earth ’s anelastic attenuation (the Q model) ;

Q models of the e a r t h  vary widely  among researchers.  To circumvent the un-

c e r t a i n t i e s  tha t Q models caused , we adj usted Q so that the calculated surface

focus B factors fit Sweetser ’s and Blandford’s results (1973).

Julian ’s ray trac ing program, TVT6 , allows us to compute the correct

amplitudes of each ray takin’- 3ccount of divergence and anelastic absorption.

We made a minor mod ification to this program to convert the ampli tudes into

B factors. The procedure can be described in two steps: 1) Veith’s and

Clawson ’s Q (1973) mantle model was used and B factors were computed for tele—

seismic P waves. Q values of each layer were then adjusted to obtain good

Shurbet , D. H., 1967 , The ear thquake P—phases which penetrate the earth ’s
core; Bull. Seism. Soc. Am., 57, 875—890.

Sweetser, E. I., and R. R. Blandford , 1973 , Seismic distance—amplitude rela-
tions for short period P, 

~diff’ 
PP, and compressional core phases f3r

i~ > 90°; Teledyne Geotech, SDAC—TR—73—9 , Alexandria, VA.

Veith, K. F., and G. E. Clawson, 1972 , Magnitudes from short—period P—wave
data; Bull. Seism. Soc. Am., 62, 435—452.
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,l~;recment between the theoretical B factors and ~~~~~~~~ and Claw son ’~, obsi-r—

v.I t~~ -Jn7 ; ; 2) we adop ted t he Q model at 1 Hz of Gilbert et al., (cited in

Doornhos 1974 , p. 409), and calc ulated B fac tors for PKP waves. Adjustments
in the Q of the core were then made to match the resulting B factors for PKP—

DF w ith those of Swee tser and Blandford, with the exception of the mixed
b r in c h  ampl i tudes  in t h e  range of 145° to 158°.

Figure  7 compares the starting Q models of the mantle and the core , as

well as the final result , with our adjustments. To match the rising B factors

beyond 80°, values of Q are sharply lower at the lower mantle area. They are

also somewhat lower in the inner core in order to match the result of Sweetser ’s

and Blandford’s B values.

Figures 8a and 8b show travel times and distance—ampli tude relationships ,
resp ec tively, for all PKP branches. Note that the amplitude of CD branch is
larger than the DF branch ’s in the 1100_15l0 range.

Theoretical B factors for nine depths for all PKP branches are shown in

F~~ y i r . - s  9 through 12; Table V gives the B factors for each branch for nine

i.~~ths. For compar ison, the prac tical B fac tors of Swee tser and Blandford
l r , 7  ~1it ted in Figure 12.

Doornhos , D. J., 1974 , The Anelasticity of the Inner Core; Geophys. J. R.
Astr. Soc., 38, 397—415.
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Figure 7. The Q model of the earth used in PKP amplitude computation as
compared with Ve ith and Clawson ’s Man tle Q model and Doornbos’
core Q model.

—39—

- - . -n - s..~~- - -a -_ - - -

1’. .
-~

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—~-~~~~~weS~ ‘~~~~~~~ u,,lp ... 81. .4- , .--



________________________ 0
1 1 1 1 1  I I T r i l l  I I ~~~ l l r I  I I I I

_____ __________ 0

I J I l l  I I I I 1 1 1 1 1  I I I ° 1 I I I  I I I 81
•0 — .. —

S3OflL I1d~ V IAI1VU~
‘a
S

__________ C
I I I I I I _ I I I 0)

01

- _ _

i i i  I i I I I I I I\

lUlL 1J AVUL

—40—

~

- — 
T~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~ _

~~~~~~~~~~~~~~~~~~~~~~ _ _

—

~~~~~~~~

--.- -



- -

~

B fector for PKP-AB ,‘ ,~

—  Model 01 ,‘ ‘I~4.3 _-__ -— ~~~~
_—_- /1 “ i’ll!

~f / iin
4.2 _ _  _-_

~1’ I ‘ 1/i
,/~ / / 111

I / I/i ’?
4.1 — - -  —- --i-- - ~‘1L

I l 8~8’J I / I l
I / “W~J ’Il

3_ I __ LLL_j “k ~
1j -~ 

i
r ’~~iij r r

e I j~,j~~jj$ F J~ I~~ J~~ -U I / E~IYIS / / * /j f
— I I m~~IIf3_I I -’- ?‘ C

:I~ 
.6,111

i l l  ‘I~I I f,

I “ 11-600km
I_ i I/

I 
I
I

~
I 1 h - lOOk m

/ 11-800km

DISTANCE (0181(15)

Figure 9. B factors for PKP—AB branch.
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3.9 — B FACTORS FOR PKP-BC —— ________ —— -
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FI gure 10. B factors for PKP—BC branch.
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CONCLUSIONS

In this report  we presented a set of PKP travel tiiiies and B factors

computed with the Jordan and Anderson model Bi. While arguments for the

adequacy of the adopted earth model (s) are not in the scope of this report ,

the presentation of various tables and curves is novel and convenient for

direct user application. The e f fo r t  can be repeated in the f u t u r e  when

better velocity and Q models become available.
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